A new fMRI study shows that the human amygdala is involved in goal-directed planning, further finding that amygdala activation during planning is predictive of someone's willingness to forgo immediate small rewards in favor of delayed larger rewards.
Achieving long-term goals often involves forgoing small immediate rewards in favor of larger but delayed rewards. For example, working towards submitting your thesis will require forgoing a multitude of small immediate rewards over years. Translating such abstract goals into behavior relies on planning, a process which maintains the goal and selects appropriate actions. While the frontal lobes are essential for planning [1] , it is increasingly becoming clear that interactions with other brain areas are also essential for the translation of abstract goals into actions. A new study by Zangemeister et al. [2] , reported in this issue of Current Biology, now shows that the amygdala and its interaction with prefrontal areas is a critical node in the planning network.
The amygdala is a nuclear structure within the temporal lobe that is important for emotional experience and fear learning. In addition, the amygdala is also involved in decision-making, social cognition, and reward processing [3, 4] . For example, amygdala neurons in both non-human primates and humans [5, 6] predict choices in decision-making tasks. Zangemeister et al. [2] now show that human amygdala activity, measured using functional magnetic resonance imaging (fMRI), correlates with two distinct aspects of planning: an assessment of the value of the current plan, and the number of nonrewarded actions needed to obtain this goal. In this study, human subjects freely decided whether they wanted to immediately consume a reward or whether instead to save it for the future. The amygdala activity reported is thus a reflection of an internally generated plan, rather than a learned response to previously conditioned visual cues. This is an important and novel insight because so far almost all that we know about the amygdala is derived from immediate responses to sensory events.
Each run of the experiment started with a planning phase, in which subjects were told which of two possible rewards (high-fat or low-fat containing dairy drinks) and interest rates (high or low) would be available. In the subsequent choice phase, subjects decided multiple times whether to consume the available reward or to wait for 2-6 seconds and decide again. In the latter case, the available reward was accumulated, taking into account the current interest rate ( Figure 1A) , and made available for consumption in the next trial ( Figure 1B) . The willingness to save rewards was quantified as the number of consecutive save choices ('sequence length'). Subjects were more willing to delay rewards that were of higher fat content and in runs that provided a higher interest rate. Notably, there was considerable variability in the willingness of different subjects to save. This between-subject variability was quantified by the subjective value of a given sequence length, which was a function of the number of times a subject picked a given sequence for each reward type. Sequence value and length were subsequently used as metrics of different aspects of planning: subjective evaluation of a plan's value and the strategy used to execute the plan.
In a whole-brain analysis of the fMRI blood-oxygen-level dependent (BOLD) signal, Zangemeister et al.
[2] used a series of generalized linear models to identify brain regions whose activity correlated with aspects of this task. This revealed that the amygdala, the anterior cingulate cortex (ACC) and the dorsolateral prefrontal cortex (DLFPC) were more active during planning compared to execution. Further, the extent of this increase in activity in the amygdala during planning was correlated positively with both sequence value and length. Amygdala activity during the choice phase continued to be correlated with aspects of planning: activity was larger in save compared to spend choices and was indicative of the value of the current sequence. Together, this reveals that amygdala activity is reflective of the subjective value of the goal, the planned strategy to obtain this goal, and stepby-step save choices during execution.
At first sight, the involvement of the amygdala in planning is puzzling. The amygdala is, however, a major part of the brain's reward system [7] and information about rewards is essential for making optimal decisions. Supporting this link, patients with amygdala lesions are impaired in both reward processing and decision making [8] . Also, amygdala neurons respond to the receipt of primary rewards such as juices or foods and the expectation thereof [9, 10] . The value of rewards decays as a function of the time till they are available. This phenomenon is known as temporal discounting and is thought to be the mechanism by which decisions between immediate small and delayed large rewards are made [11] . In their work, Zangemeister et al. [2] offered immediate or delayed primary rewards (juices); they thus combined a version of intertemporal choice with planning.
Of note is that Zangemeister et al.
[2] used primary rewards (liquids) for their study. While relatively uncommon in human studies, primary rewards are used Current Biology 26, R1177-R1196, November 21, 2016 ª 2016 Elsevier Ltd. R1177
